Objective: To examine the trends, characteristics, and outcomes of women with gynecologic malignancies who died of suicide in the United States. Methods: This is a retrospective, observational study using the Surveillance, Epidemiology and End Results program from 1973 to 2013. Women with uterine, ovarian, and cervical cancers who had cause of death recorded as suicide or self-inflicted injury were included, and temporal trends, patient and tumor characteristics, and outcomes were assessed. Results: Of 467,368 women with gynecologic cancers, there were 309 (0.07%) suicides during the study period. Across the three malignancies, suicide rates significantly decreased during the study period, with uterine cancer exhibiting the highest interval decrease (relative reduction: uterine cancer 88.2%, cervical cancer 78.1%, and ovarian cancer 73.6%; all, P < 0.05). Women with cervical cancer were younger at age of suicide (median age, 50 versus 60-68 years), and women with ovarian cancer had a shorter time to suicide from diagnosis (median time, 27 versus 66-67 months) (both, P < 0.05). On multivariable analysis, white race (hazard ratio [HR] 3.619), Western U.S. residence (HR 2.012), ovarian cancer (HR 1.991), cervical cancer (HR 1.765), stage IV disease (HR 1.735), and divorced status (HR 1.491) remained independent clinico-pathological characteristics associated with increased risk of suicide (all, P < 0.05). Conclusion: This study found that suicide rates in women with gynecologic malignancies have decreased in the United States. Characteristics of suicide vary across cancer types, and certain risk factors of suicide identified in this study may be useful to triage patients at risk for suicidal behavior and inform prevention strategies. Time from diagnosis to suicide 66 (18-137) 67 (18-137) 27 (12-71) Number, percentage per column, or median with interquartile range is shown. † Based on modeled values. *Results for 2009-2011. C.J. Violette, et al.
Introduction
Suicide rates in the United States have increased more than 30% over the past decade and a half, and suicide is now the tenth leading cause of death in all age groups Ruch et al., 2019) . Furthermore, unlike other developed countries life expectancy in the United States is decreasing, considerably in part to the increase in suicide rates (Murphy et al., 2017) . Suicide rates in cancer patients are 1.9 times those of the general population and women with gynecologic malignancies in particular are 30% more likely to commit suicide compared to those with other types of malignancy (Ward et al., 2013; Misono et al., 2008) .
With advancements in cancer treatments over the past several decades, 5-year survival rates have increased for gynecologic malignancies (Benedet, 2000) . Literature on incidence, trends, and risk factors of suicide in women with gynecologic malignancies remains limited. These are critical to define for clinicians to better serve women with gynecologic cancers and develop suicide risk-identification and prevention strategies. The objective of this study was to evaluate population trends of suicide rates and factors associated with suicide in women with uterine, ovarian, or cervical cancer in the United States between 1973 and 2013.
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Data source
This is a retrospective study examining the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program. The SEER program is the largest population-based tumor registry in the United States, covering approximately 35% of the population in the latest version (https://seer.cancer.gov/). The Institutional Review Board at the University of Southern California exempted this study due to the use of publicly available de-identified data.
Eligibility and clinical information
Women who had a diagnosis of uterine cancer, ovarian cancer, or cervical cancer between 1973 and 2013 were eligible for the analysis. SEER*Stat 8.3.2 (IMS Inc., Calverton, MD, USA) was used to generate the datasets for the three cancers and then merged to compile the master dataset. Clinical information for analysis included patient age at cancer diagnosis, year, race/ethnicity, registry area, marital status, cancer type, cancer stage, and survival outcome. Vaginal and vulvar cancers were not examined due to rarity.
Study definition
Recorded cancer stages were based on the AJCC surgical-pathological staging classification schema or extent of disease codes assigned in each database (Edge and Compton, 2010) . Suicide was ascertained by cause of death recorded as "suicide or self-inflicted injury" in the database, and time to suicide was defined as the time interval between the cancer diagnosis and suicide. Cases without suicide were censored at the last follow-up visit. In addition, age at suicide was estimated by adding age at cancer diagnosis and time to suicide.
Statistical consideration
For continuous variables, normality was assessed with the Kolmogorov-Smirnov test to report mean ( ± standard deviation) or median (interquartile range), and differences were assessed by the oneway ANOVA or Kruskal-Wallis H test as appropriate. For ordinal or categorical variables, descriptive statistics with number and percentage per group were reported, and statistical difference was assessed by the chi-squared test. The Kaplan-Meier method was used to construct the cumulative incidence curves of suicide, and difference between the curves was assessed with log-rank test.
To assess the temporal trends of suicide, the National Cancer Institute's Joinpoint Trend Software (version 4.4.0.0, National Cancer Institute, Bethesda, MD, USA) was utilized for analysis (http://surveillance.cancer.gov/joinpoint). Calendar years were used as time increments for percent suicide rate with 95% confidence interval (CI) in each year. Linear segmented regression was used for temporal trends, and log-transformation was performed to determine the annual percentage change (APC) of the slope with a 95% CI (Kim et al., 2000) .
To identify the independent risk factors for suicide, a Cox proportional hazard regression model was fitted for analysis, as suicide after cancer diagnosis is a time-dependent event. Age, year of diagnosis, race/ethnicity, registry area, marital status, cancer type, and cancer stage were entered in the final model, and adjusted-hazard ratio (HR) with 95% CI was estimated for each variable. All analyses were based upon two-sided hypotheses, and a P < 0.05 was interpreted as statistical significance. SPSS 24.0 (IBM, Armonk, NY) was utilized for all analyses.
Results
There were 246,736 women with uterine cancer, 133,481 women with ovarian cancer, and 87,151 women with cervical cancer included in this analysis (total, n = 467,368). Cancer-specific patient characteristics are shown in Table 1 . Of the women included, the majority were white (56.2%), lived in the Western U.S. (51.6%), and were married (49.6%). The majority of women with uterine and cervical cancers had stage I disease (62.6% and 41.1%, respectively), whereas a majority of women with ovarian cancer had stage III-IV disease (61.4%). There were 309 (0.07%) suicides during the study period.
Across the three cancer types, the incidences of suicide were fairly rare as < 0.1%: cervical cancer 80 (0.09%) out of 87,151, ovarian cancer 97 (0.07%), out of 133,481, and uterine cancer 132 (0.05%) out of 246,736. Trends of suicide were examined per cancer type ( Fig. 1 and Table 2 ). Across the three malignancies, suicide rates significantly decreased during the study period, with uterine cancer exhibiting the highest interval decrease (0.18% to 0.02%, relative reduction 88.2%), followed by cervical cancer (0.25% to 0.06%, relative reduction 78.1%) and ovarian cancer (0.17% to 0.05%, relative reduction 73.6%) (all, P < 0.05). Women with cervical cancer were younger at suicide compared to those with ovarian and uterine cancers (median age, 50, 60, and 68 years, respectively, P < 0.05; Table 2 ). Similarly, women with cervical cancer were younger at cancer diagnosis compared to those with ovarian and uterine cancers (median age, 42, 57, and 61 years, respectively, P < 0.05). The median time between cancer diagnosis and suicide was 52 months (IQR 15-115), and women with ovarian cancer had a shorter time to suicide from cancer diagnosis (median, 27 months) compared to other cancers (66-67 months, P < 0.05; Table 2 ).
Patient demographics associated with suicide were examined. On univariable analysis, age, year, race/ethnicity, registry area, marital status, cancer stage, and cancer type were significantly associated with suicide (all, P < 0.05; Table 3 ). Specifically on a time-dependent analysis ( Cancer type-specific characteristics of suicide were examined ( Fig. 2 and Table 2 ). In a cohort-level analysis, women with cervical cancer (0.09%) had the highest rate of suicide for the entirety of the study period followed by those with ovarian (0.07%) and uterine cancer (0.05%, P < 0.001). However, when suicide risk was examined over time ( Fig. 2) , in the first 10 years after cancer diagnosis, women with ovarian cancer had the highest rate of suicide compared to those with other cancer types: 5-year rates, 0.08% for ovarian, 0.06% for cervical, and 0.03% for uterine; and 10-year rates, 0.14% for ovarian, 0.11% for cervical, and 0.06% for uterine (P < 0.001).
Discussion
Key findings of this study are that suicide rates in women with gynecologic malignancies have significantly decreased in the past decades in the United States. Moreover, this study identified certain risk factors for suicide that may be useful to triage patients at risk for suicidal behavior and inform prevention strategies.
A previous study using the SEER database reported that the incidence of suicide in women with gynecologic malignancies is higher compared to women with other malignancies, however temporal trends of suicide have not been evaluated in this patient population (Ward et al., 2013) . Thus, our study adds new insights in the literature by providing the recent trends of suicide.
The downward trending suicide rates in patients with gynecologic malignancy could be explained by two main hypotheses: improvements in prognosis for patients, and an increased awareness in the medical community regarding the association between mental health and chronic disease. The improvement in treatment options and prognosis likely contribute to a decrease in the sense of hopelessness, a known risk factor for suicide, that often accompanies a cancer diagnosis (Benedet, 2000; Westin et al., 2016; Uslu-Sahan et al., 2019) . Our findings support previous literature in that white race and advanced stage disease are risk factors for suicide in women with gynecologic malignancies. In addition, this study provides new information regarding risk stratification by marital status. Our results demonstrate that the highest risk of suicide was seen in women who were divorced. It is well demonstrated in the literature that the presence of social support is protective against suicide and suicide rates are higher in men and women of divorced status in the general population (Bell et al., 2018; Kposowa, 2003) .
To our knowledge, our study is the first to examine region as a risk factor for suicide in this population. Regional disparities in suicide risk are well documented, and recent data demonstrates that suicide rates have increased disproportionately in rural counties, of which a large percentage are found in the Western US. Contributing factors could include economic instability, lack of access to care and social stigma that deters people from seeking help within these communities Jagodic et al., 2012) . Collectively, our results support previously identified risk factors for suicide in this population, while also offering a novel analysis of risk based on marital status and region.
Our study shows that suicide risk is highest for women with ovarian cancer in the first decade after cancer diagnosis, followed by a plateau 10 years from diagnosis. This can be partially explained by data showing the poor prognosis of advanced disease with the 5-year recurrence rate being ∼75% (Huang et al., 2008) . Thus, for women with ovarian cancer, our results demonstrate that there is ample opportunity to provide these women with support and access to a multidisciplinary team to mitigate this risk.
In contrast to the initially high suicide rate in ovarian cancer in the first several years from diagnosis, suicide rates in women with cervical cancer continued to increase throughout the follow-up time and peaked later in the study period. This delayed increase in the risk of suicide in patients with cervical cancer may be attributed to the stigma of this disease, in that women with cervical cancer can confront serious lifelong adverse effects on quality-of-life even after cure of disease. Collectively, our results and this supporting evidence clearly suggest a need for prolonged mental health care and life-long support for women with cervical cancer.
Our study identified that the highest risk characteristics were white or Asian race, Western U.S. residence, divorced marital status, advanced disease, and a diagnosis of cervical / ovarian cancers. This is of importance as clinicians cannot effectively intervene if they are unaware of the risk factors and/or tools and resources to utilize.
Strengths of the study include the large sample size and time span during which data was collected and analyzed. The inclusion of temporal trends and time-dependent analysis of suicide risk enriched the analytic quality. Despite these strengths, a number of limitations exist. First, the SEER database does not have information for previous or comorbid psychiatric diagnoses, such as depression. Studies have shown that a history of psychiatric or mood disorders is the most powerful predictor of suicidal behavior (Hawton and Van Heeringen, 2009 ). Second, there may be unmeasured bias for analysis. These include cancer recurrence status, tumor burden and site, family support, and performance status; all of which may possibly contribute to the suicide risk. Information for physician-assisted suicide was not available in the database. Lastly, financial distress and debt are common in cancer patients and this has been shown to correlate with increased risk of suicide, yet we were unable to assess the socioeconomic status of these patients (Meltzer et al., 2011; Banegas et al., 2016) .
In conclusion, this study showed that suicide rates are decreasing across all three gynecologic malignancies with variable differences in characteristics of suicide in each cancer type, most likely reflecting a distinct reason for suicide in each cancer. It is critically important that physicians be aware of this information, and are prepared to provide patients with adequate counseling and resources at the time of diagnosis to work towards eliminating suicide in this population. While the findings of decreasing suicide are reassuring, there is still opportunity and a clear need for the implementation of systematic depression and suicide screening in this high-risk population. 
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